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The two preceding papers of this series have dealt with the consec- 
utive observations on the erythrocytes and  the  hemoglobin  content 
(1) and with the total white cells (2) of the peripheral blood of normal 
male rabbits in a series of experiments extending over long periods of 
time.  In the present paper, the results pertaining  to the neutrophile 
(pseudo-eosinophile),  basophile,  and  eosinophile  cells  in  the  same 
five groups of animals are reported while in the succeeding paper (3), 
the lymphocytes and monocytes will be considered.  Since this study 
was primarily undertaken for the purpose of obtaining information on 
the character of the general trends of cell levels over prolonged periods, 
the results are at present considered from the group rather than from 
the individual animal standpoint and the findings have been analyzed 
upon the basis of consecutive mean values obtained at weekly intervals. 
Materials  and  Methods 
These subjects have been fully discussed in connection with  the erythrocyte 
and hemoglobin results  (1)  and need only be referred to here.  The first four 
groups of rabbits comprised 10 animals each and the fifth group, 5 animals.  The 
period of observation extended from October, 1927 to July, 1929 and the following 
numbers of weekly examinations were made:  Group I, 35; Group II, 13; Group 
III, 8; Group IV, 29; Group V, 26.  For the differential white cell counts, the 
supravital  neutral  red  technic  was used and  100 cells were  counted  in each 
specimen. 
RESULTS 
The  results  of  these  experiments  dealing  with  the  neutrophile, 
basophile, and eosinophile cell content of the peripheral blood of normal 
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rabbits examined over long periods of time are presented in  the form 
of consecutive weekly mean values for each group of animals (Tables 
I  to V).  In addition, the probable errors of the means, the standard 
deviations, and the coefficients of variation are given.  The series of 
curves in Text-figs.  1 to 4  representing the mean values, are drawn 
from  the  percentage  deviations  of  the  smoothed  means  from  the 
following  standard  values  (1, 4):  neutrophiles, 4340  cells per cubic 
millimeter; basophiles,  950  cells per  cubic millimeter; eosinophiles, 
215 cells per cubic millimeter.  The curves of the smoothed coefficients 
of variation of the means are also  given in Text-figs.  1 to 4.  These 
charts also include curves which represent the total white cell means in 
terms of the percentage deviations of the smoothed means from a 
standard value of 9560 cells per cubic millimeter, in order that compari- 
sons may readily be made between the results on the various granular 
leucocytes and those on the total white count without referring to the 
preceding paper (2) in which the latter observations are discussed. 
DISCIJSSlOl~ AND  S~I~Y 
For  convenience of  discussion,  the  results  of  these  experiments 
dealing  with  consecutive  neutrophile,  basophile,  and  eosinophile 
counts will be considered in the chronological order of the five groups 
of rabbits studied. 
Group I was examined from October 24, 1927 to June 21,  1928  (Ta- 
ble I).  It will be seen by referring to Text-fig. 1, that the mean numbers 
of neutrophiles had increased approximately 30 per cent by the second 
half  of  the  experiment and  that  thereafter,  this  higher  level  was 
generally maintained.  In  October,  November, and  December, the 
general level of the  curve fluctuates slightly below  and  above  the 
standard value of 4340 cells per cubic millimeter represented by the 
base line.  During January, February, and March, a decided upward 
trend is noted and thereafter to the last of June, a slightly lower level 
is observed. 
The mean numbers of basophiles ill  Group I  (Table I)  were also 
increased during the experiment, but as will be seen from the curve in 
Text-fig. 1,  the change was accomplished ill  a  much more  irregular 
fashion than in  the case of the neutrophiles.  During October  and 
November,  the  general  trend  of  the  curve  is  downward  from  an LOUISE  PEARCE  AND  ALBERT  E.  CASEY  159 
initial level above the base line  (950  cells per cubic millimeter); in 
December, January,  and February, the curve describes an irregular 
but marked rise which is followed by an abrupt fall to the November 
level; at the end of March and  continuing through April, May, and 
June,  there is a  second rise which carries the curve to the highest 
level observed (55 per cent above the base line).  During these periods 
of increasing value, there were two interruptions, the first occurring 
the end of January and the second in May. 
In the case of the eosinophiles of Group I  (Table I) pronounced 
variations in mean numbers were observed, as is shown by the curve 
in Text-fig. 2.  Throughout November and again in April and May, 
large numbers of these cells were observed which account for the three 
prominent and abrupt peaks of the curve.  Following each marked 
increase, the mean values sank to a  comparatively low level, but on 
the whole, the means throughout the experiment were higher than the 
standard value of 215 cells per cubic millimeter. 
Comparing the general changes in  the mean values of  the three 
classes of granular leucocytes with that of the total white cells (Text-fig. 
2), it will be noted that during the first half of the experiment (October 
to March)  increasing values were observed in the total white cells, 
the  neutrophiles,  and  the  basophiles  (after  November)  which  are 
indicated by the upward direction of their curves.  On the other hand, 
this feature was not found in the eosinophile results until the January 
and February observations.  During the latter part of Februaxy and 
throughout March, lower levels prevailed in the total white cell, the 
basophile, and the eosinophile means but in the case of the neutro- 
philes, the values although comparatively irregular, were on the whole 
not diminished.  In the last period of the experiment, the trend of the 
total white cells was again upward, a  movement characteristic also 
of the basophiles and to a slight extent of the neutrophiles.  The later 
eosinophile means which showed no consistent trend in one direction 
or another were characterized by a  series of abrupt and pronounced 
swings.  The high points of these fluctuations (February 29, April 10, 
and May 15), however, occurred at the time of high neutrophile values 
and somewhat analogous findings were observed in the earlier weeks of 
the experiment (November 22 and December 20). 160  BLOOD  CYTOLOGY  OF  THERABBIT.  IV 
The  coefficients of variation  of the  neutrophile means of Group I 
(Table I) are fairly uniform although their order of magnitude is high. 
The curve of the smoothed values (Text-fig. 1) shows variations within a 10 per 
cent range at the general level of 30 to 40 per cent except in November and Decem- 
ber when the abrupt alteration of mean values is accompanied by a sharp upward 
turn of the coefficient curve.  In the case of the basophiles (Table I) the curve of 
the smoothed coefficients of variation (Text-fig. 1) is fairly regular at the 40 to 50 
per cent level except for two major upward swings the end of January and the first 
of March which accompany not increased,  but diminished  mean values.  In the 
last third of the experiment, during which the basophile means rose to the highest 
figure  observed, the coefficients of variation are comparatively uniform.  The 
coefficients of variation of the eosinophile means (Table I) are of a very high order 
of magnitude,  the  curve of the smoothed values ranging from 47  to  107 per 
cent.  The highest points on the curve correspond to the period of extremely high 
mean values in November but to the low mean values in January, March, and May 
which immediately succeeded  abruptly increased counts.  During these phases 
of augmented mean values, the coefficients of variation are smaller so that the 
curve is directed downward. 
Group II was examined from March 29 to June 19, 1928 (Table II). 
The curves illustrating the neutrophile, the basophile, and the eosino- 
phile means as percentage deviations from standard values (Text-figs. 1 
and 2) show a striking resemblance in general contour to the curves of 
Group I  for this period as is also the case with the total white cells 
(Text-fig. 2); the levels of the means of Group II, however, are con- 
siderably lower.  The two prominent peaks of the eosinophile curve in 
April and May, occurring almost at the same time as those of Group I, 
are worthy of special note in view of the comparatively small numbers 
of these cells. 
The coefficients of variation of these three cell means of Group II (Table II) 
are of the same order of magnitude as those of Group I.  The curves of the 
smoothed values (Text-figs. 1 and 2) are similar to those of Group I except in the 
case of the eosinophiles in which one of the two highest points corresponds to and 
the other directly follows, high mean values. 
Group III was examined from September 20 to November 22, 1928 
(Table  III).  The  neutrophile,  basophile,  and  eosinophile  mean 
values were  generally lower  than  those  of  Group  I  and were more 
comparable to those of Group II, as may be seen by comparing the 
respective curves in Text-figs. 1, 2, 3, and 4.  In the case of the neutro- LOUISE  PEARCE  AND  ALBERT  E.  CASEY  161 
phile curve, there is a prevailing downward trend which is described 
in a fairly regular  fashion while the direction  of  the  basophile  and 
eosinophile curves is upward.  The curve for the total white cells, on 
the other hand, is almost a straight line (Text-fig. 4). 
The coefficients of variation  of these means (Table III) are of similar orders of 
magnitude to those of Groups I and II, but contrary to what was found in Group I, 
the curve of the smoothed neutrophile values shows more irregularities than that 
of the basophiles (Text-fig. 3).  The highest point of the eosinophile coefficient 
curve (Text-fig. 4) corresponds to the smallest mean value, a feature  which was 
generally characteristic of Group I. 
Group IV was examined from November 27, 1928 to June 18, 1929 
(Table IV).  On the whole, the mean values for the neutrophile,  the 
basophile, and the eosinophile cells were generally smaller than those 
of Group I.  In the case of the neutrophiles  (Text-fig. 3), low initial 
levels prevailed  until  the middle  of January,  at which  time  a  pro- 
nounced increase occurred and a  level of approximately 25 per cent 
above the standard value was maintained  until the end of April, after 
which progressively smaller values were found.  In general form, the 
neutrophile curve resembles that of the total white cells.  The highest 
basophlle values, on the other hand, were observed in the first half of 
the experiment as is shown by the curve in Text-fig. 3; in the second 
half, the curve occupies a  uniform position 25 per cent lower than its 
first level.  The two small peaks in the basophile curve at the end of 
January  and  toward  the  end of February  occur at  the  time of the 
pronounced  upward  swing of the  neutrophile  curve.  The  trend  of 
the first part of the eosinophile curve (Text-fig. 4) is in a rising direction 
culminating  abruptly in  a  sharp  peak  the  latter  part  of February. 
From then onward to the end of the experiment, the curve describes an 
irregular  fall  and  ends  at  a  lower  level  than  that  of  the  initial 
observations. 
The  coefficients of variation  of  the neutrophile,  basophile,  and  eosinophile 
means of Group IV (Table IV) are comparable in their orders of magnitude  to 
those of the other groups.  From the curves of the smoothed values, it will be 
seen that that of the neutrophiles was more uniform than that of the basopMles 
(Text-fig. 3) which is the case with Groups I and II but not with Group III.  It 
should  be noted  that  the  marked  changes in  the  level  of  the  neutrophile 
mean values are not accompanied by pronounced fluctuations of the coefficient 162  BLOOD  CYTOLOGY  OF  THE  RABBIT.  IV 
curve.  The general level of the basophile  coefficient curve is fairly well main- 
tained until April and May when an upward swing occurs although no accom- 
panying change in the curve representing the mean values is seen.  In the case of 
the eosinophiles  (Text-fig.  4), the coefficient curve is fairly regular until April 
and May when there are two abrupt upward fluctuations.  These changes occur 
during diminishing  mean values and the second high coefficient peak follows a 
marked drop in the mean values during the first part of l~[ay. 
Group V  was examined from December 29,  1928 to June 21,  I929 
(Table V).  The curves representing the mean values of the neutro- 
phile, basophile, and eosinophile ceils (Text-figs. 3 and 4) are similar 
in  general outline to  those of Group  IV examined during  the  same 
months.  In the case of the neutrophiles, however, much lower values 
prevailed  until  the  end  of  the  experiment.  A  comparison  of  the 
neutrophile  and  total white  cell curves brings  out  the  fact of their 
similarity with respect to general form as was also found with the other 
groups.  The basophile curve for Group V which is relatively stable 
at a level of 50 per cent below the standard value shows the smallest 
fluctuations of any of the basopkile curves.  In many places, however, 
those which do occur correspond to similar alterations in the curve of 
the Group IV basophiles.  In the case of the eosinophiles, the curves of 
the two groups bear a general resemblance to each other but the swings 
of the Group V  curve are less pronounced, the summit of its marked 
rise in the middle of the observation period occurs somewhat later, 
and its second half occupies a higher level. 
The coefficients of variation of the neutrophile means of Group V  (Table V) 
are generally comparable to those of Group IV (Text-fig.  3); those of the baso- 
philes  (Table V)  are on  the  whole  somewhat  smaller  (Text-fig.  3).  The co- 
efficients of the eosinophile means of Group V are generally smaller than those of 
Group IV  (Table IV).  In  the  curve of the smoothed values (Text-fig.  4)  it 
should be noted that  comparatively low  levels prevail  during  February  and 
March in which months the mean values were progressively high.  In its latter 
portion,  the  curve  described  two  abrupt  upward  swings,  the  first of which 
corresponds to decreasing and the second to increasing mean values. 
There are certain features of these results obtained from the obser- 
vations  of many weeks  to  which  attention  may now  be  especially 
directed.  In the first place, the neutrophiles, as would  be expected 
in view of the relative number of these cells, influence the total white 
cell count to the extent that  the curve representing the consecutive LOUISE  PEARCE  AND  ALBERT  E.  CASEY  163 
smoothed mean values of the one usually resembles quite closely the 
curve of the other. 
In the experiments carried out for the longer periods, Groups I and II 
in 1927-28 and Groups IV and V in 1928-29, an increase in the neutro- 
phile mean values occurred in the late winter and early spring months 
but during May and June, lower or stationary levels prevailed.  In 
Group III examined during the autumn of 1928, the trend was in the 
direction of smaller values, a finding which is in accord with the low 
values of the other groups in October, November, and December of 
both years.  The results pertaining to the basophiles differed in the 
two years.  In 1927-28,  there was a general increase in mean values 
which continued through the spring months; in the second year, the 
trend was  toward  smaller values.  The  rising  basophile  values of 
Group III in the fall of 1928 were in accord with the early findings of 
Group IV, the first examination of which followed the last observations 
of Group III.  In the case of the eosinophiles,  the results were more 
irregular.  Their most prominent feature was the abrupt and very 
pronounced increase and decrease of mean values occurring in Novem- 
ber of 1927 and in the late winter and spring months of 1928 and 1929. 
That the variations in  the general levels of the neutrophile, the 
basophile, and the eosinophile mean values observed in these experi- 
ments have a statistical significance is shown by the following examples 
of the ratios of the differences  of certain means to their probable errors: 
Group  Neutrophiles  Basophiles  Eosinophiles 
num- 
ber  I ~  .. 
II 
III 
IV 
V 
Dates of mean values 
Nov. 15  June 5 
Nov. 15  Jan.  31 
Mar. 29  June  19 
May 1  May 22 
Sept. 20  Oct.  19 
Jan.  2  Feb.  19 
Apr. 23  June  18  [ 
Dec. 29  June 21 
Jan.  10  I Feb. 21 
I 
Ratio [ 
6.211 
4.48: 
3.071 
5.15! 
I 
3.81 
6.89' 
7.89 
5.12 
5.76 
Dates of mean values 
Nov. 1  June  19 
Jan. 31  Feb. 21 
Mar. 2!  June 5 
May  1!  June 5 
Sept. 2q  Oct, 19 
Nov. 2'  Jan, 29 
Jan. 29  , Mar. 26 
Dec. 2  ~.  June 21 
Jan. 3  ] Feb.  7 
Ratio 
3.03 
'  5,28 
5.57 
4.84 
5.10 
3.04] 
6.73 
2.94 
3.90 
Dates of mean values 
Mar.  13  ] Apr.  10 
Apr. 10  May 1 
May 8  May 22 
May 15  June 12 
Sept. 20  Nov. 9 
Jan.  2  Feb. 19 
Feb. 13  I June  11 
Dec. 29  Mar.  15 
Mar.  15  Apr.  26 
Ratio 
2.99 
3.44 
3.77 
3.97 
1.69 
2.68 
4.67 
3.94 
2.21 164  BLOOD  CYTOLOGY  OF THE  RABBIT.  IV 
In general, it was found that in two groups of rabbits  examined 
during the same months, the variations in the mean levels of the three 
classes of granular leucocytes  were similar both as regards the direction 
of the change and the time at which it occurred.  This group resem- 
blance was particularly striking in the case of the marked fluctuations 
of the eosinophiles but it was also characteristic of the neutrophiles 
and the basophiles.  The results of the two years differed in that the 
general level of the neutrophile, the basophile, and the eosinophile 
mean values was higher in  the groups examined in  1927-28  than in 
those observed in 1928-29.  Both features of group resemblance and 
the yearly difference of level were also  characteristic of the results 
pertaining to the red blood cells and the hemoglobin content (1)  and 
the total white, the granular, and the non-granular cells (2).  In the 
case  of  the  total  white  count  and  its  granular  and  non-granular 
components, the period of greatest irregularityof  mean values occurred 
in the late winter and spring months of both years.  This was true of 
the neutrophiles in the second year but to a less extent in the first year. 
The  basophile  values were very variable throughout the first year 
while in the second, the greatest irregularities occurred in the winter 
months.  The fluctuations of the eosinophiles were most pronounced 
in the late winter and spring months of both years. 
In  the  majority of  cases,  the  physical  condition  of the  rabbits 
throughout  the  periods  of  observation  was  excellent and gains in 
body weight were the rule.  There were, however, a  number  of  in- 
stances of clinical snuffles of slight  or moderate degree as  well as 
several cases of ear canker.  The effect of these conditions upon the 
blood count will subsequently be taken up in detail when the results 
of these and other experiments are considered from the  standpoint 
of the individual animal and of a comparison with snuffles free stock; 
at present the subject can only be referred to briefly.  There were 2 
deaths among the 45 rabbits of these experiments, occurring in Group 
IV;  both  animals had had  snuffles and  in  one,  a  chronic nephritis 
was found at postmortem examination.  It appeared that the occur- 
rence of a muco-purulent nasal discharge was most frequently asso- 
ciated with an increase of neutrophiles and in  certain instances, of 
lymphocytes, while  in  a  few  cases,  higher  monocyte  values  were 
observed.  The persistence of a  nasal  discharge was  not,  however, LOUISE PEARCE  AND  ALBERT  E. CASEY  165 
necessarily accompanied by  continued high  counts.  On  the  other 
hand, increased counts were observed in rabbits  in which no inter- 
current infection could be demonstrated by repeated dinieal examina- 
tion and in addition, comparable fluctuations of cell levels were found 
in both "normal" rabbits and in those with slight or moderate snuffles. 
The effect of ear canker upon the blood count was not clearly defined. 
In certain animals, its occurrence coincided with a transitory increase 
of the neutrophile and lymphocyte cells, while in others, no character- 
istic alteration of cell levels was observed.  Although these conditions 
of intercurrent infection undoubtedly had an effect upon the blood 
count, nevertheless, they do not appear to be a factor of major impor- 
tance with respect to  the character of the general variations in cell 
levels  observed  over long periods  of  time  from  the  standpoint  of 
the consecutive mean values of these animal groups. 
CONCLUSIONS 
Consecutive weekly observations on the neutrophile, the basophile, 
and the eosinophile counts of the peripheral blood were made on 5 
groups of normal rabbits, a  total of 45 animals, during a period of 20 
months  from October, 1927  to July,  1929.  Individual  groups were 
examined 8 to 35 weeks. 
In the case of the 4 groups followed 13 to 35 weeks, the general trend 
of the neutrophile cells was towards increased mean values; with the 
group followed 8 weeks, decreasing values were found.  An increase 
in  the mean values of the basophile  cells was observed in  the two 
groups of rabbits followed in 1927-28; in the groups of 1928-29,  the 
mean values  decreased.  The  mean values  of the eosinophile cells 
showed no definite  trends  but  the  findings  were  characterized  by 
abrupt and marked fluctuations. 
The periods of greatest irregularity in mean neutrophile and eosino- 
phile values occurred in the fall and the late winter and spring months 
of both years, but in the case of the basophiles, the irregularities were 
distributed throughout the first year and occurred chiefly in the winter 
months of the second year. 
The major trends and many of the minor fluctuations as well which 
were observed in the mean cell values of one group of rabbits were also 
generally seen in another group examined during the same months. 166  BLOOD CYTOLOGY OP  TI-I~ P,.ABBIT.  IV 
The general levels of the neutrophile, the basophile, and the eosino- 
phile mean values in the groups examined during 1927-28 were higher 
than in the groups of 1928-29. 
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